Design: Review of IPE cysts and description of new observations of the lesions.
I ris tumors and cysts comprise a wide range of intriguing conditions. In an analysis of 3680 iris tumors and cystic lesions from the United States, the tumors were broadly categorized into cystic (n = 718; 21%) or noncystic (n = 2733; 79%). 3 The noncystic (solid) iris tumors included melanocytic tumors (n = 2510; 60%) such as nevus, melanocytoma, and melanoma, and, less commonly, metastatic (n = 67; 2%), vascular (n = 57; 2%), epithelial (n = 35; 1%), lymphoid (n = 12; <1%), secondary (n = 12; <1%), xanthomatous (n = 8; <1%), choristomatous (n = 4; <1%), and nontumorous simulating lesions (n = 198; 5%) . A separate study of iris cystic lesions demonstrated derivation from the iris pigment epithelium (IPE) (n = 672; 18%) or iris stroma (n = 96; 3%). 4, 5, 20 The clinical features, differential diagnosis, and management of iris cysts depend on their type, characteristics, and related local and systemic complications.
In 1981, Shields 2 proposed a classification of iris cysts. In this grouping, cysts were divided into primary or secondary types with subsequent subcategorization based on tissue of origin (Table 1), and the most common type was the primary IPE cyst.
2
In this review, we describe findings of primary cysts of the IPE and discuss the role of diagnostic imaging modalities, including ultrasound biomicroscopy (UBM) and anterior segment optical coherence tomography (OCT), which have become more recently available.
8-10 Finally, we will discuss the local and systemic relationships of IPE cysts.
materials and methods
The computer-coded clinical records of all patients with an IPE cyst, examined and managed by members of the Ocular Oncology Service at Wills Eye Hospital between July 1974 and August 2010, were reviewed. Institutional review board approval was obtained from Wills Eye Hospital. Each cyst was classified according to the Shields classification of iris cysts (Table 1) .
2 Clinical data were gathered retrospectively regarding features of the patient and cyst. The data included patient demographics such as age [child (0-20 years) , young adult (21-40 years), mid-adult (41-60 years), and older adult (61 years or older)]; cyst visibility in nondilated and dilated state; and cyst color, configuration, multifocality, bilaterality, location, and basal dimension (mm) and thickness (mm). The most common simulating conditions, relationship to intraocular tumors, and systemic associations were noted.
resUlts
Of 672 eyes with IPE cysts, the lesion was classified as cyst of the pupillary margin (n = 49; 7%), midzone (n = 188; 28%), peripheral (n = 424; 63%), or dislodged/free-floating (n = 11; 2%) ( Table 2 ). Cysts of the IPE were detected at all ages but most often in young adults (21-40 years) (n = 229; 34%) manifesting with peripheral (n = 181) or midzonal (n = 30) cysts.
The clinical features, imaging findings, and ocular and systemic associations with each type of cyst are listed in Table 3 . Pupillary margin IPE cysts demonstrated teardrop or round configuration, depending on cyst size, and were visible without dilation at the pupillary margin (Fig. 1) . Iris flocculi were a special form of pupillary margin IPE cyst whereby the cysts were large, bilateral, multifocal, hanging across the visual axis, often reaching the opposite iris stroma, and with chronic waxing and waning course (Fig. 2) .
Midzonal IPE cysts appeared with fusiform dark brown retroiridic mass after dilation, commonly simulating ciliary body melanoma (Fig. 1) . Peripheral IPE cysts were not directly visible but appeared with iris stromal bulge, most often located temporally or nasally and simulating ciliary body melanoma or IPE adenoma. After wide dilation, the peripheral cyst was occasionally visible as a nearly transparent lesion arising in the iridociliary sulcus. Dislodged IPE cysts were a dark brown mass, usually immovable in the inferior angle, often inflated but occasionally deflated and flat. Free-floating cysts demonstrated smooth round brown appearance, slowly moving by gravitational forces in the aqueous fluid or vitreous gel (Fig. 3) .
Imaging with UBM and anterior segment OCT readily demonstrated the cystic lesions, but the entire cyst aspect was best imaged on UBM. 10 Anterior segment OCT allowed imaging of the anterior cyst wall with high resolution, but the anterior and posterior cyst wall was best imaged with UBM with slightly lower resolution (Table 3 ; Fig. 4 ).
Surgical intervention for drainage or resection of IPE cysts was necessary in 5 patients (<1%), including drainage and resection of iris flocculi (n = 2) in a 6-year-old child that was occluding the visual axis and in a mid-adult at the time of cataract surgery, drainage of giant midzonal IPE cyst occluding the visual axis in 2 mid-adults, and drainage of giant peripheral IPE cyst compressing the anterior chamber angle and causing secondary glaucoma in 1 older adult. Rarely (1%), midzonal or peripheral IPE cysts were found associated with iris nevus, iris melanoma, or ciliary body melanoma (Fig. 5) . In 1 case, extensive unilateral pupillary margin IPE cysts were detected in a child with unilateral ocular melanocytosis who later developed massive uveal melanoma with brain melanoma. In 1 case of classic pupillary margin cysts of the iris flocculi type, a related thoracic dissecting aortic aneurysm developed after 55 years of follow-up. 14 disCUssion Primary cysts of the IPE are divided into 4 main types: pupillary margin, midzonal, peripheral, and dislodged (Table 1; Figs. 1-5).
1-7
Pupillary margin (Central) iPe Cysts Pupillary margin (central) IPE cysts can be unilateral and solitary or bilateral and multifocal. The unilateral (solitary) type is uncommon, congenital, and can be visualized before the pupil is dilated as a brown lesion usually at the pupillary border in any quadrant (Fig. 1) . It can occasionally rupture spontaneously but does not pose a serious visual problem.
11,12 Rarely, some cases are associated with iris nevus or iris melanoma (Fig. 5) .
The bilateral multifocal variant of pupillary margin IPE cysts is characterized by variable-sized dark-brown lesions that can encircle the pupil and overlie the pupillary margin. They often spontaneously collapse and then re-form, producing irregular wrinkled lesions known as iris flocculi. Even when extensive, they cause little, if any, visual impairment, and most remain relatively stable throughout the patient's life. Since the classification of iris cysts was published in 1981, a number of patients with congenital iris flocculi have been found to have an associated aortic artery dissection later in life. [13] [14] [15] This seems to be related to a mutation in smooth muscle that resides in both the iris and the aorta. [13] [14] [15] Mutations in smooth muscle alpha actin 2 and myosin heavy chain 11 have been identified in patients with thoracic aortic artery dissection and iris flocculi. The alpha actin 2 gene plays a role in actin filament assembly and smooth muscle contraction, important in contracting both the iris sphincter muscles and the aorta.
14,15 Clinically, however, most patients with aortic artery dissection do not have demonstrable iris flocculi. Disabella et al 15 reviewed 100 patients with thoracic aortic artery dissection and found only 6 patients with iris flocculi.
midzonal (retroiridic) iPe Cysts
The midzonal or retroiridic cyst appears as a round or fusiform, smooth, dark-brown lesion posterior to the pupillary margin. It is sometimes visualized on routine slit lamp biomicroscopy and becomes more visible after the pupil is dilated (Fig. 1) . In some cases, the lesion is discovered at the time of cataract surgery, raising concern about a ciliary body melanoma. After dilation of the pupil, it becomes more elongated or fusiform in shape, findings that help to differentiate it from a ciliary body melanoma. Like a melanoma, it blocks transmission of light. The midzonal cyst usually causes no visual impairment, and most can be observed periodically. However, we have seen 2 cases that demonstrated marked enlargement and extended centrally to cause loss of vision. Both were managed by aspiration to collapse the cyst and restore visual acuity with a satisfactory outcome.
iridociliary (Peripheral) iPe Cysts
The most common IPE cyst by far is the peripheral or iridociliary cyst (Fig. 1) . Although it is common, it is often not recognized clinically because it lies hidden behind the peripheral part of the iris. It is usually unilateral but can be bilateral and multifocal in the same eye. It is more common in young adult or middleaged women. Although the cyst itself is rarely visualized directly, it should be suspected based on localized anterior displacement of the otherwise normal iris stroma, seen on slit lamp biomicroscopy.
This cyst presents as an asymptomatic, localized, anterior bulge of the iris stroma, usually on the nasal or temporal side. With the pupil widely dilated, the cyst can sometimes be visualized with slit lamp biomicroscopy and gonioscopy, and it tends to transmit light because it is partially covered by nonpigmented ciliary epithelium.
More often, however, UBM is necessary to better demonstrate the lesion and confirm that it is a cyst rather than a solid tumor (Fig. 4) . On UBM, a cyst has an extremely thin wall with empty central portion, whereas a tumor would show a more solid pattern. In rare cases, peripheral IPE cysts can enlarge and obstruct the anterior chamber angle, requiring aspiration, laser cystotomy, or resection to prevent angle-closure glaucoma.
dislodged/Free-Floating iPe Cysts
Some IPE cysts can become spontaneously dislodged and float freely in the aqueous or vitreous humor. [1] [2] [3] [4] [5] [6] [7] [16] [17] [18] A free-floating cyst in the anterior chamber may move inferiorly when the patient is upright but will move with gravity when the patient's head is turned to other positions (Fig. 3) . A free-floating cyst in the anterior chamber can sometimes become fixed in the anterior chamber angle and resemble a melanocytic nevus or small melanoma.
A dislodged IPE cyst in the vitreous tends to be round and transparent, or lightly pigmented (Fig. 2) . The diagnosis can be made with ophthalmoscopy. Unlike those in the anterior chamber that tend to become fixed in the angle, those in the more gelatinous vitreous do not migrate easily, so they tend to remain in the vitreous and be less mobile.
iPe Cyst Pathology
Cysts of the IPE rarely come to surgical resection or histopathology. These cysts are lined by polarized IPE that is 1 or iPe Cyst management
Cysts of the IPE seldom require treatment, except for the rare occasion in which the cyst occludes the visual axis or compresses and occludes the anterior chamber angle. For those in the visual axis, pupillary dilation could allow vision and avoid surgery. If not, then fine needle aspiration to deflate the cyst or laser disruption of the lesion can be considered. We prefer aspiration, as it is a controlled method without dispersion of toxic contents into the eye.
11 For those occluding the anterior chamber angle, fine needle aspiration is usually necessary, as they generally arise on the posterior iris surface and are inaccessible to laser treatment. In summary, IPE cysts can occur at the pupillary margin, midzone, or periphery of the iris, and in some cases, they can be free-floating in the aqueous or vitreous or even dislodged into the anterior chamber angle. Imaging is important to rule out a related solid tumor such as nevus or melanoma. Most IPE cysts require no treatment, but those in the pupillary margin (iris flocculi) should have lifelong annual examinations for thoracic aneurysm.
